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Abstract
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hold only in the Yucatan peninsula of Mexico, where control programmes based on massive release of sterile
males have recently been initiated. Sterile male release operations are now underway in Guatemala and
proposals have been made to extend the eradication procedures south to the Darien Gap in Panama. It is
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Screwworm Eradication in 
North and Central America 
E.S. Krafsur*, C.J. Whitten** and J.E. Novy*** 
Screwworms, Cochliomyia hominivorax (Fig. I), have been eradi- 
cated flora the USA and now have a tenuous hold only in the Yucatan 
peninsula of Mexico, where control programmes based on massive 
release of sterile males have recently been initiated. Sterile male release 
operations are now underplay in Guatemala nd proposals have been 
made to extend the eradication procedures outh to the Darien Gap in 
Panama. It is planned to extend the barrier zone to Belize and 
Guatemala later this year. This article reviews the progress and opera- 
tional obstacles of the scre~t~oorm eradication programme. Fig. I. The Screwworm fly, Cochliomyia hominivormc 
Screwworms, Cochliomyia hominivorax 
(Diptera: Calliphoridae) have been eradi- 
cated from vast areas where they once were 
endemic the year round, thereby freeing the 
continental USA from seasonal risk of infes- 
tation. Eradication in Mexico west of 93 ° 
latitude was recently declared 1 and now less 
than 230 000 km2 of Mexican territory 
remain at risk to screwworms. This 
accomplishment confirms the robustness of 
the sterile insect release technique (SIT) 
proposed by Knipling 2 and first 
demonstrated by Baumhover and col- 
leagues 3 (Box 1). It is testimony also to the 
planning of the Joint Mexico-American 
Commission and the perseverance and skill 
of thousands of Mexican workers. Much of 
the story is set forth by programme person- 
nel in a recent publicatior.t 5. 
Screwworms are obligate parasites of 
mammals that cause primary myiasis in pre- 
existing wounds. The lm~ae from a single 
oviposifion can kill smaller animals, and 
superinfections can kill mature cattle. 
Humans can also be iiffected and even 
killed 6. Screwworm control by chemical 
methods and animal husbandry was expen- 
sive, short term, and relatively ineffective 
before SIT first was brought o bear on the 
problem in the southeaste.rn USA (Fig. 2) 7. 
Myiasis begins when egg masses of up to 
450 eggs (350 on average) are oviposited on 
wounds. Flies may dew.qop and lay sub- 
sequent egg batches a:: a temperature- 
dependent rate provided that sufficient 
wounds are available. Screwworms are 
highly fecund and migration isan important 
component of their population ecology 8.
Although fly densities tend to be low on 
average, the fly populations are highly 
aggregated and local populations may be 
quite numerous 8. This has an important 
bearing on the outcome of sterile male 
releases, for there is no evidence that 
(~1987, Elsevier Pubhcations, Cambridge 0169-4758/87/$0200 
released males search out population 
centres of native flies or that wild females 
disperse to avoid brother-sister matings. 
Before the advent of SIT, the geographi- 
cal range of screwworms in the USA 
extended seasonally and discontinuously 
from North and South Carolina westward 
to California. Screwworm foci were present 
in Iowa, Illinois, Minnesota, South Dakota, 
Utah, Wisconsin, and other midwestern 
and western states, usually in mid and late 
summer9,10. In winter, populations were 
confmed to Florida and the southern por- 
tions of Texas, Arizona, New Mexico and 
California in addition to Mexico 11-13 and 
countries outh to Argentina. 
The annual case incidence in Texas (Fig. 
3a) provides an index of abundance since 
1962. A further index is provided by case 
reports from Arizona and New Mexico 
(Fig. 3b). A case represents a sample of lar- 
vae, usually those larvae hatching from a 
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Fig. 2. The old 'barrier zone' of the Southwestern Screwworm Eradication Program. Mission, 
TX is the site of the old factory and primary dispersal centre. Douglas, AZ was also a pack- 
aging and dispersal centre. Baja California, Sonora, Chihuahua, Coahuila and Tamaulipas 
are the northern frontier states of Mexico and the border is indicated. 








single egg mass. Cases were submitted by 
stockmen and veterinarians to Veterinary 
Services, Animal-Plant Health Inspection 
Service, USDA, for species identification. 
Postage-free mailers were provided to the 
public for this purpose 14, and responses to 
cases were inversely density-dependend 5 - 
the rate of submissions ( amples submitted/ 
cases claimed) falling off as case loads 
increased. Collections began in 1962 and 
became ffective in 1963 (Ref. 16, 17). The 
spatial and temporal pattern of cases ince 
1978 suggests hat only larvae generated by 
fertile immigrant females or by their F 1 
adult progeny have been detected in the 
USA. No screwworms have been found 
since August 1982 and searches continue. 
Knipling conservatively estimated in 1984 
(Ref. 5) that the cost:benefit ratio in USA of 
screwworm eradication was1:10, and that 
the benefits will continue to accrue indefi- 
nitely. Costs and benefits to Mexico for 
1986 were estimated to be 10.3 and 37.9 
million pesos, respectively (US$1-~1000 
pesos). 
Mass-reared screwworms were sterilized 
as 5-day old pupae with 6°Co and after adult 
emergence, both sexes were released 7. 
Beginning in 1975 irradiation was per- 
formed with 137Cs and the minimum radia- 
tion dose applied was 5500 rads. Females o 
treated invariably fail to undergo vitel- 
logenesis and so do not oviposit. Sterile fly 
dispersions in the old 'barrier zone' 
included highly endemic areas 13 of the fron- 
tier states of Mexico (Fig. 2). Typically, 
releases in Mexico would be made in winter 
and spring, and continue so long as the USA 
remained free of substantial screwworm 
populations. USDA aircraft were loaded in 
Mission, Texas (Fig. 4) and Douglas, 
Arizona. Year-round sterile fly production 
and releases in Mexico began in late 1976 
(Ref. 1). Case reports in the old 'barrier 
zone' of Mexico are summarized in Fig. 3c 
and suggest hat the Mexico programme 
became ffective in 1979. Eradication south 
to a new barrier at the Isthmus of Tehuan- 
tepec (Fig. 5) planned by agreement 
between Mexico and the United States in 
1972 (Ref. 18) was declared in December 
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Fig. 3. (a) Annual laboratory-conflrraed screwworm case reports from Texas. Cases are logarithmically transformed [log(cases+ I)]. No cases have been 
detected since 1982. (b) Annual case reports from Arizona and New Mexico. No cases have been discovered since 1979. (c) Annual case reports fi'om the 
northern states of Mexico, including Baja California Norte, Baja C. Sur, Sonora, Chihuahua, Coahuila, Nuevo Leon, andTamaulipas The arrow points to an 
episode of sol.rage in which a six-week outbreak ofscrewworrns occurred along a principal highway in Tamaulipos (32 cases) and San Luis Potosi (I I I 
cases). Evidence suggests the deliberate release of unirradiated flies. The dotted line shows the trend when the 32 Tamaulipas cases in 1985 are not plotted. 
No autochthonaus crewworms have been detected since 10 August 1985, but 2 cases were intercepted in San Luis Potosi n November 1985 in animals 
transported from Southeastern Mexico. 
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1984 (Ref. 1). This extraordinary achieve- 
ment represents a far greater undertaking 
than the Florida 7 and southwestern USA 
campaigns. 
Present Status 
Recent events are set forth in Table 1, 
which shows case reports in the states 
immediately tothe west of the barrier zone, 
in the present barrier zone, and east of the 
barrier zone where systematic fly releases 
began in 1986. The recent decline in screw- 
worm cases in the barrier occurred even 
though sampling effort increased, as is 
demonstrated by the increased number of 
non-screwworm cases. It seems that the 
Republic of Mexico should soon be entirely 
free of screwworms. 
Eradication Strategy 
Early surveys 13 had shown the geographi- 
cal and seasonal distribution of screwworms 
in northern Mexico, where they were highly 
endemic. Much of Mexico is mountainous 
with high plateaux 19 and winter tempera- 
tures may be limiting in the north 13. 
Nevertheless, screwworm eradication in 
Mexico was bound to be more difficult han 
in the USA because of the huge area to be 
treated, the continuous presence of stable 
populations in the tropical and subtropical 
lowlands, and difficult logistics and com- 
munications. Extensive, isolated valleys 
also exist and were thought to harbour 
screwworm populations that could have 
been reproductively isolated and therefore 
refractory to he sterile insect echnique. 
The eradication strategy was essentially 
one of 'overkill' 1,20,21, relying principally on 
the production of tremendous numbers of 
sterilized flies. Important programme com- 
ponents included public education, an 
extensive livestock inspection programme 
in areas undergoing sterile fly treatment, 
and now stringent inspection of all animals 
transported to screwworm-free areas from 
the new barrier zone. 
Transported livestock are inspected, ip- 
ped or sprayed at five stations in the barrier 
zone, which are manned with Mexican 
Army as well as Commission personnel. 
Suspect animals are quarantined and the 
seemingly uninfested accompanying ani- 
mals are reinspected at their destinations. 
This strategy was employed also in the 
Florida and southwestern USA campaigns, 
but the effort, organization, and effective- 
ness necessary in Mexico was very much 
greater. In particular, the logistics of main- 
taining US-made machinery and equip- 
ment, of importing and tl-ansporting up to 
Table I. Myiasis case reports in regions of Southern Mexico, 1976 to 31 October 
1986. The gap in reports from mid 1978 to early 1983 reflects transfer of livestock 
inspectors to states where eradication procedures were most intense. The non- 
screwworm cases provide an index of sampling effort. 
Year  Screwwormcases 

















1976 4243 79 
1977 6242 101 
1978 3143 118 
1983 556 60 
1984 1872 279 
1985 273 534 
1986 226 709 
Eastofbarrie~ Campeche, Quintana Roo, Yucatan(139810 km 2) 
1985 1157 87 
1986 369 182 
500 tons of food products monthly for rear- 
ing screwworms, and aerial distribution of 
up to 600 million sterile flies weekly over 
vast and remote areas, demanded a high 
level of skill and organization not necessary 
in the USA programmes. It required three 
years to appreciate and overcome problems 
in the establishment of the enterprise (see 
Box 2). 
Field Operations 
Three distribution centres were estab- 
fished at the outset of the Mexico pro- 
gramme, in Tampico, Guadalajara, and 
Tuxtla Gutierrez 20 (Fig. 5). Radiosterilized 
pupae were transported initially by mod- 
ified DC-6 aircraft and later by refrigerated 
truck to these centres, where they were 
packaged, held until about 90% of the 
pupae had emerged, loaded onto aircraft, 
and aerially distributed. Aeroplanes were 
hired from private contractors when it 
Fig. 4. Production plant for 
sterile screwworm flies at 
Mission, Texas, nowheld on 
standby but capable of 
producing around 200 
million sterilized flies per 
week 
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W--"y.. Fig. 5. The 'barrier' in Mexico agreed upon became clear in 1976 that changes in sterile 
~, ~, ' "~.  in 1972 is 93 ° W and the eastern limit of 
\ ~-x. k ~ ..... ~- - 'x \  sterileflydispersatwas91°W, rheprimary fly release tactics were necessary'5,23, 8. Up 
\ \  \ } \ packaging and dispersal ce.tres were 
\ \ \ ~ "~r] '~"~ Tampico, Guadalajara, nd Tuxtta Gutier- 
~ x  ~- fl \.. rez. Only the Tuxtla centre is now used. 
~ , . ~ ~ i \ ' ~ ' ~  ~ ~ -  ~ gation was en th:ely visual. 
.~  Stetik fly reh ~es we 
"x~ X~k S /k43  ~-T..,,co ~ ~ .~" over l,'.r~'.areas dcew 
p ~q vUC*T*N 
~ stress on he rele ed flie, 
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• ~¢o were o~ .'t by ] ; km 
o ~  ~ ~ ~ : : : ~ i  flight, ;reby i odmizJ 
I !~ ~d~]g,% placing sterile males near 
to 70 single and twin-engine aircraft were 
used, and navigational ids were adopted in 
1983 that permitted more precise targeting 
of sterile flies than was possible when navi- 
r le r leas s re routinely made 
arge areas twi  eekly; flights were 
mo i  to minimize heat 
t ased s. Between 800 and 
 flies ( f both ) were released per 
km 2, distributed from parallel anes set 3.2 
art ny light. These lanes 
ffset 1.6 on the subsequent 
thereby maximizing the chances of 
breeding 
sites 15,28,29. Local reports of screwworms 
governed the eradication tactics. District 
veterinary officers were empowered to 
establish distribution subcentres and pro- 
vided with sufficient authority, inspectors, 
sterilized pupae, pilots, and aircraft. Special 
grid releases could be superimposed on the 
routine 'blanket' grid, and additional 
releases were made over watercourses and 
local outbreak centres. 
Hypothetical 'critical lines' were estab- 
lished progressively southward uring the 
course of the eradication campaign. These 
lines, of which the first was erected in Janu- 
ary 1981, extended from the Gulf of Mexico 
to the Pacific coast. Indigenous screwworm 
populations were considered eradicated in 
the area behind the line (north or west, 
depending on longitude), and any screw- 
worm cases detected were considered as evi- 
dence of a successful recolonisation (with 
the exception of infestations in transported 
animals). Extraordinary measures were 
taken to fmd and eliminate any related 
infestations by concentrating livestock 
inspectors, instituting quarantine pro- 
cedures and carefully targeting sterile fly 
releases in the area. A six-month period 
must elapse in which no screwworm cases 
are found before a State can be declared 
officially screwworm free. 
Large numbers of livestock inspectors 
were necessary to provide information on 
screwworm distribution and abundance 
and to obtain participation of the agricul- 
tural community. Up to 540 inspectors per- 
formed sampling, educated stockmen and 
helped to develop public awareness of the 
eradication programme. Screwworm cases. 
had to be solicited in Mexico far more than 
in the USA, where an adequate network of 
roads and highly developed state extension 
services existed. Also, many Mexican 
stockmen do not consider screwworms to 
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be economically as serious as do US 
stockmen. In  September 1986, 249 inspec- 
tors were employed (see Box 3). 
Is eradication real? 
Of course, it is imlx~ssible to prove a 
negative. Thus it is a formal (if unlikely) 
possibility that undetected screwworms 
persist, scattered in low ,densities or as iso- 
lated, relict populations 3:'. We consider the 
possibility of such populations to be small 
because screwworms are ]highly fecund, and 
an average female at eclosion produces 
about 135 female progeny in her adult 
lifetime (E.S. Krafsur, unpublished). Fur- 
thermore, the generations overlap con- 
stantly and there is no diapause so cases 
should appear whenever screwworms are 
present and temperatures; sufficient to allow 
flight and oviposition (about 16°C) 11. Sam- 
piing of adults or their ovipositions how 
highly aggregated or contiguous distribu- 
tions 8, and previously inseminated females 
demonstrate an enormous propensity for 
dispersal 3°,33, at least in semi-arid environ- 
ments. These life history features generate 
the 'boom and bust' population dynamics 
shown by screwworms. Furthermore, the 
clinical severity of screwworm infestation, 
together with the active seeking of cases by 
stockmen and programme inspectors make 
it exceedingly unlikely t_hat local outbreaks 
would go undetected for long. 
Future Extensions 
Maintenance of a barrier in its present 
location requires terile fly dispersions over 
an area of approximately 158 000 km 2 (Fig. 
5). This task was said to require 150 million 
flies per week. Also, an expensive inspec- 
tion and quarantine programme must be
maintained, and the eventual annual cost 
was stated to be US$50 million 34. More 
recent estimates put the combined cost to 
Mexico and the USA at US$15 million. The 
maintenance costs and risk of reinfestation 
could both be minimized by applying eradi- 
cation procedures progressively south- 
wards, to the Darien Gap in Panama, an 
area of only 12 000 km 2 (Fig. 6). Annual 
appropriations by the US Congress for 
screwworm eradication to the Southwest 
Screwworm Eradication Programme and to 
the Joint Mexico-American Commission 
are provided in Table 2. The modest 
research expenditures are not included. 
The relative US and Mexican contributions 
are fixed by treaty at 80°A~20% respectively 
and were decided on the basis of the relative 
sizes of the national livestock industries. 
Clearly there is no conceptual or opera- 
tional reason why the programme cannot be 
extended southwards to Panama 34. The 
remaining obstacles facing the project 
would seem to be political, because seven 
Box 3. The Role of Livestock Inspeetion ~ SIT in Mexico 
epidemiological information to programme managers. It eems however, 
that the case su~ission rate ( reported/ac~)m Mexico (TaMe 1, Fig. 3c) 
was less than in USA (Fig. 3a, b). Discovery and ~ o fdeve l~ larvae  
in wounds alone therefore would count little towards eradication. 
than once obtained in USA. 
Estimates of sterile mating ~uenc ies  ~ released factory males and 
native females in Mexico were m before and during the eradication cam- 
usually with the object of evaluating newly synthesized mains for ~d effec- 
tiveness. The sterile mating provide evidence that SIT was effaca- 
cious in Mexico, as is suggested by the acc tabulation. ~ sterile 
mating rates are fully comparable toearlier estimates from Texas, 
Florida and Curacao zg. 
Sterile mating frequencies in Nexico and Guatemala 
Percent 
Release Population Sterile 
& State Year Strain I~te  b Dens i ty  c 
Veracruz 1975 FF8 193 5.00 23.3 
Sinaloa 1979 DE-9 279 3.00 71.4 
Veracruz 1980 Sinaloa 346 5.44 55.1 
Chiapas 1981 V-81 268 10.30 18.6 
Guerrero 1982 A-B2 ? 8.69 41.3 
Yucatan 1983 Oaxaca-83 ? 8.31 49.8 
Yucatan 1984 A-82 270 3.77 44.7 
Yucatan 19B4 VF-84 246 4.52 52.8 
Guatemala 1986 CH-85 356 13.88 21.5 
aStrain desi~al~ons refer to state or nea~ town where founding stock on,hated e.g- V-81 is 
Veracruz in 198 I. A-82 is Arriaga (Chi~)1982. VF-84 is Villa Flores (O~iapas) t984. EF8 was 
defied from s~ Texas stocks in 1973. DE-9 originated from Tamauhpas. CH-85 is from 
Che{umal (Quintana Pc)o)(see Ref. 22, 26, 29 and 3I for renews of strain hlstor~s) 
bRelease rate in units of sterile males per ~2 of treated area 
cTarset population densrty in units of egg masses per pen per week. Pens c~ned wounded. 
sentinel sheep 
d/ks e~mated from hatchab~lity of ovipositions on wounded sentinels 
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sovereign countries must reach agreement 
with the Mexico-American Commission 
and establish their own organizations to 
promote screwworm detection anderadica- 
tion. Already progress has been made. The 
original agreement called for a barrier 
centred at 93°W. Sterile fly liberations 
extended eastwards to 91 ° . This agreement 
was amended on 2 April 1986 to permit 
extension of eradication procedures to the 
states of Campeche, Quintana Roo and 
Yucatan (Fig. 5). The amendment also pro- 
vides for negotiations and agreements with 
Central American countries and Panama, 
and in December 1986 it was officially 
agreed to begin eradication procedures in 
Guatemala. 
Meanwhile, programme managers must 
remain aware that screwworms have the 
capacity to return to Mexico and the USA. 
After eight years of highly effective suppres- 
sion, screwworm populations exploded in 
1972 in the southwestern USA (Ref. 1). As 
perception of risk to screwworm attack 
declines, the livestock industry and animal 
health authorities become increasingly ess 
likely to detect a return of screwworms in
good time, allowing re-establishment of the 
species. In addition, there is an appreciable 
risk of the Tuxtla factory suddenly ending 
production because of social unrest or earth- 
quake. A new factory in Panama would 
reduce this risk. Meanwhile, the old Mis- 
sion plant (Fig. 4) remains on standby, 
ready to resume production of sterile flies, 
although flies are not currently maintained 
in Mission because of the chance of escapes. 
An 'insurance' colony is maintained by the 
USDA Agricultural Research Service in 
Table 2. Annual US appropriations for screwworm eradi- 
cation in USA and Mexico. The relative US and Mexican 
contributions were fixed at 80°./0-20% of the totals 
expended in Mexico ~ 
Year Amount  (US$) % For US Programme b
1962 2771 700 100 
1963 2771 700 I00 
1964 2 806 200 100 
1965 3 456 200 100 
1966 4 158400 100 
1967 4 667 700 100 
1968 5 091 500 100 
1969 5 209 300 100 
1970 6 188000 100 
1971 6856400 100 
1972 6 825 500 100 
1973 9 847 300 93.2 
1974 18 537 300 53.3 
1975 21 924000 51.5 
1976 24 475 000 6 I. I 
1977 29 768 000 46.9 
1978 34 984000 43.3 
1979 35 653 000 44.0 
1980 36 607 000 38.0 
1981 43 055 000 15.4 
1982 46 086 000 3.9 
1983 48900000 2.6 
1984 49 500 000 
1985 37 133 000 
1986 31 589 000 
1987 28 396 000 
aData from National Programs Staff (Screwworm), International 
Programs, USDA-APHIS-VS, Hyattsville, Maryland 
blncluded programme expenses in the Mexican states of the old 
barrier zone 
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Fargo, North Dakota, vchere a hostile cli- 
mate would ensure the rapid extinction of 
any local screwworm escapes. 
The successful conclusion of the Mexican 
campaign reaffirms the efficacy and 
strength of SIT. The achievement of the 
Joint Commission is enhanced when con- 
sideration isgiven to the population biology 
of the screwworm fly and its great reproduc- 
tive potential. The sterile insect technique 
remains acredible tool for the eradication of
other pest insect species from large areas 
(see Box 4). 
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Genetics and Trypanotolerance 
R.B. Dolan 
Genetic resistance to disease and its use in domestic livestock usually ranks last, if at all, amongst 
preferred disease control measures- usually preceded by measures such as chemotherapy, vector 
control and vaccination. Thus, interest in genetic resistance is often a reflection of dissatisfaction 
with other control strategies, and the current emphasis on trypanotolerant cattle in Africa is just 
such a case. Eighty years of tsetse fly eradication programmes have had little impact on tsetse 
distribution1, 2, although recent research wit odour baited targets impregnated with insecticide 
brings hope for the future 2. The search for a vaccine has proved more arduous than anticipated 3 
and the number of drugs available for therapy and prophylaxis limited. 
In the search for alternative solutions to the problem of African trypanosomiasis, attention has 
recently focused on genera: resistance - a subject normally covered by immunologists or veterin- 
arians 3-7. In this article, Rosemary Dolan discusses the concept fiom the geneticist's viewpoim. 
Variation between cattle breeds in response 
to tsetse challenge has been recognized since 
the beginning of this century. In 1904 dwarf 
humpless horthorn cattle from the tsetse 
belts of Benin, were imported into Zaire 8 
and the first descriptions of trypanotoler- 
ance in West Africa reached the literature 
~) 1987. Elsevier Publications, Cambridge 0169-4758/87/$02.00 
in 19069, l°. In East Africa the presence of 
humped cattle immune to trypanosomiasis 
in the Koalib area of Sudan was first 
reported in 191311 . 
Following these arly reports, differences 
between cattle breeds in the face of tsetse 
challenge have been a recurrent observa- 
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